elicitor interaction has been hypothesized to initiate signaltransduction pathways leading to expression of diseaseresistance responses (4, 7) .
Several avirulence genes from different pathogens corresponding to specific R genes have been cloned (8) . In some cases, the role of the avirulence gene product as an elicitor has been established (9) (10) (11) (12) . However, the lack of knowledge about the nature of R genes or their protein products has limited the study of their role in pathogen recognition, signal transduction, and activation of HR. To date, two diseaseresistance genes have been cloned: the HMI gene of maize and the Pto gene of tomato. The HM1 gene, which confers resistance to the fungal pathogen Cochliobolus carbonum Nelson race 1, was cloned by transposon tagging (13) . HM1 encodes an NADPH-and NADH-dependent Helminthosporium carbonum (HC) toxin reductase responsible for detoxification of the cyclic tetrapeptide HC toxin produced by C. carbonum race 1 (14) . The Pto gene, which confers resistance to Pseudomonas syringae pv. tomato carrying the avrPto gene, was isolated by positional cloning (15) . The amino acid sequence of Pto does not suggest that it acts as a receptor, but it shows significant similarity to serine/threonine kinases. The Pto kinase may interact directly or indirectly with the avrPto-encoded elicitor molecule, then phosphorylate a subsequent modulator of the resistance responses, thereby participating in a signal-transduction cascade. Molecular characterization of cloned R genes and isolation of new R genes which confer resistance to viral, fungal, or bacterial pathogens is necessary to understand their role in mediating resistance.
Genetic approaches to obtain loss-of-function mutants with altered resistance responses offer powerful means to isolate R genes and gain insight into their functions. The interaction between the resistance gene N of tobacco and tobacco mosaic virus (TMV) has long served as a classical model for the study of plant-resistance responses to pathogens and provides an excellent system for this approach. The dominant N gene was introgressed into tobacco cultivars by crossing the TMVresistant (TMVR) species Nicotiana glutinosa to TMV-sensitive (TMVS) Nicotiana tabacum, followed by repeated backcrosses to a recurrent TMVS tobacco parent (16) . Plants (22) . These include conservation ofAc structural integrity following transposition, generation of an 8-bp duplication at the site of insertion, generation of footprints upon excision, and continued transposition over several generations (23) (22, 24) . Sequence analysis of genomic DNA flanking AclO showed that it was flanked by a direct 8-bp duplication (Fig. 2) .
Sequence analysis of cDNA clones showed that AclO was inserted in a large open reading frame. Therefore, imprecise excision could result in the production of a nonfunctional polypeptide. Sequence analysis of seven independent TMVS plants lacking AclO showed that each contained frame-shift mutations that would result in truncation of the predicted polypeptides either four or nine amino acids from the AclO excision site (Fig. 2) -CAT TTG CCG TCT--CAT TTG CCG TCT--CAT TTG CCG TCT--CAT TTG CCG TCT--CAT TTG CCG TCT--CAT TTG CCG TCT--CAT TTG CCG TCT--CAT TTG CCG TCT-TMVS  TMVS  TMVS  TMVS  TMVS  TMVS  TMVS   TMVR  TMVR  TMVR  TMVR  TMVR  TMVR  TMVR (Fig. 2) . These data provided further evidence that AclO was inserted in the N gene. receptors compete with full-length forms for ligand binding or in receptor-receptor interaction (27, 28) . In mouse pro-B cells, the truncated form of erythropoietin receptor (EPOR-T) acts as a dominant negative regulator of cell growth and prevention of apoptosis (26, 29) . In contrast, the truncated form of the Toll receptor enhances the full-length Toll-receptor function (30) . It will be interesting to determine the temporal and spatial regulation of N and Ntr, and their functional role if any in N-mediated signal-transduction pathway.
The predicted N protein does not contain a signal sequence or a potential transmembrane hydrophobic region, suggesting that it is a cytoplasmic protein. There (31) revealed three domains that may be of functional significance. In the amino-terminal region, the N protein contains a nucleotide-binding site (NBS). Usually, three separate polypeptide motifs are required to form an NBS: P-loop (kinase 1), kinase 2 and kinase 3a (32) . The first motif of the NBS, the P-loop, functions in binding the phosphates of ATP/GTP and is found in N between amino acids 216 and 224 (GMGGVGKTT, which matches the consensus sequence A/GXXXXGKS/T). A second motif, kinase 2, is defined by four consecutive hydrophobic amino acids followed by an invariant aspartate (D) and is found between amino acids 297 and 301 (LIVLD). This (Fig. 4) In summary, we have cloned the plant disease-resistance gene N that confers resistance to the viral pathogen TMV. The amino acid sequence of the encoded N protein contains domains which suggest a role for N in signal transduction leading to HR. The identification of these sequences within N will facilitate systematic dissection of the biochemical and molecular basis of the disease-resistance response to TMV in tobacco.
